Abstract Breast cancer and osteoporosis are common diagnoses in women. Breast cancer survival has improved due to earlier detection and improved treatments. As most breast cancers are estrogen receptor positive, treatment is often aimed at altering the hormonal environment. Both pre and postmenopausal women undergoing these therapies are at risk for bone loss. The patient's health care team ought to have an awareness of the potential for breast cancer treatments to accelerate bone loss. Women with early stage breast cancer are treated with curative intent and, therefore, maintaining bone health is important and is part of the survivorship care to ensure an optimal quality of life.
Introduction
Breast cancer and osteoporosis are common diagnoses in women and are frequently intertwined. In 2012, over 200, 000 US women were diagnosed with breast cancer, making it the most common type of cancer affecting women [1] . In 2008, US breast cancer survivors numbered 3 million [2] . Based on National Health and Nutrition Examination Survey data, 10 % of women or 4.5 million women over the age of 50 have osteoporosis, making both breast cancer and osteoporosis public health concerns [3] .
Osteoporosis/osteopenia may be a comorbid condition in a patient at the time of breast cancer diagnosis, may develop during cancer treatment or during cancer-free survival. Breast cancer treatment itself may increase the risk of bone loss, primarily occurring due to the hypogonadal state induced by treatments. Due to early detection, improved methods for local control and the use of adjuvant therapy, breast cancer patients are experiencing increased cure rates and are living to a greater advanced age. The 10-year cancer free survival rate for stage I-III is 80 % [2] . Hence, maintenance of bone health is a concern in breast cancer survivorship.
The U.S. Preventive Services Task Force (USPSTF) recommends screening for osteoporosis in women aged 65 years or older and in younger women whose fracture risk is equal to or greater than that of a 65-year-old white woman [4] . For many women, breast cancer therapy constitutes a risk factor for osteoporosis and therefore screening is indicated. This article will review the effects of breast cancer therapy on bone health. The focus is on early stage breast cancer in the adjuvant setting when treatment is administered with curative intent. Prevention and treatment strategies for osteoporosis in the setting of breast cancer will be discussed as well as new therapies and directions for future research.
Breast and Bone: Estrogen Sensitive Organs
Breast and bone are both estrogen sensitive organs. A prolonged lifetime exposure to estrogen through early menarche, late menopause, and use of postmenopausal hormone therapy are factors known to reduce the risk of osteoporotic fractures [5, 6] .
However, these same factors are associated with an increased risk of developing breast cancer due to the increased estrogen exposure. Endogenous estradiol has not been shown to be directly related to breast density [7] . Nonetheless, breast density and circulating estrogen levels are independently associated with breast cancer risk. Breast cancer risk was 2.4 %-4.2 % higher in women with very high breast density particularly in women who use estrogen plus progestin [8] . Women with the highest levels of breast density have been found to have a 4-to 6-fold increased risk of breast cancer compared with women with less dense breasts [9] .
Epidemiologic data suggests that higher bone mineral density (BMD) is also associated with a higher risk of breast cancer. Zhang et al. studied BMD in postmenopausal women and after adjusting for age, found those in the top quartile of BMD had a 3.5 times higher risk ratio of developing breast cancer than women in the lowest quartile of BMD [10] . This association was confirmed in a meta-analysis of 70,878 postmenopausal women from 10 studies; in which 1,889 cases of breast cancer followed for mean of 6 years showed that higher BMD was associated with a significantly higher risk of breast cancer [11] . In this meta-analysis, women with the highest hip or spine BMD had a 62 % and 82 % higher risk, respectively, of developing breast cancer than women in the lowest BMD categories [11] . For each increased standard deviation in BMD at the hip or spine, the risk for developing breast cancer increased by 20 % and 26 %, respectively [11] . Therefore higher estrogen levels are associated with higher bone density as well as a higher risk of breast cancer.
In estrogen deficient states such as menopause or those induced by breast cancer treatment, RANKL expression and the ratio of RANKL to OPG is increased, allowing increased differentiation of osteoclasts [12] . As estrogen stimulates osteoclast apoptosis, the estrogen deficient states allows prolonged survival of osteoclasts [13] that tilts the balance of bone formation and bone resorption toward resorption, ultimately leading to bone loss [12, 14] .
Effects of Breast Cancer Therapy on Bone

Radiation
Radiation therapy to the breast or chest wall region is used in early stage breast cancer as part of breast conserving therapy or when there is substantial tumor bulk. In combination with surgery, use of either brachytherapy or whole breast irradiation (WBI) improves control of the tumor and decreases the risk of local recurrence from 24 % to 8.5 % in patients with early stage breast cancer [15] . However, due to either anatomical limitations of planning the treatment field or due to beam scatter, radiation therapy can negatively affect local bone health. Higher risk of rib fractures was seen in those treated with a larger dose of radiation [16] . A prospective study evaluating the combination of surgery and external beam radiation therapy found a radiation dose related increase in the risk of rib fracture. In this cohort, women who were treated with lower doses of radiation (less than 50 Gy vs greater than 50 Gy) had a significantly lower incidence of rib fractures (1.4 % vs 5.7 %, respectively) [16] . Typical adjuvant breast cancer radiation doses fall within the range of 50 Gy although higher doses are not uncommon when a boost is given after lumpectomy [17•] .
Similarly, when radiation was combined with chemotherapy, women who received both had an increased rate of rib fracture over those receiving radiation less than 50 Gy alone (2.3 % vs 0.5 %, respectively) [15] . Both brachytherapy and WBI were associated with increased risk of rib fracture over the 5 years after treatment; however the risk with brachytherapy was higher at 4.5 % vs 3.6 % in women who underwent WBI [18] .
Chemotherapy
Chemotherapeutic agents such as cyclophosphamide and methotrexate have direct effects on the bone in preclinical models [19, 20] . Clinically, it is difficult to isolate the bone changes due to chemotherapy alone from effects of supportive medications, changes in physical activity and nutrition associated with breast cancer treatment. Yet chemotherapy regimens may have distinctive effects on bone.
Chemotherapeutic agents, particularly cyclophosphamide, may render younger breast cancer patients amenorrheic, often referred to as chemotherapy induced ovarian failure (CIOF) [21] . This premature ovarian dysfunctional state has variable definitions in the literature as the onset and duration of the amenorrheic state differs across studies. The decrease of circulating estradiol that occurs with the cessation of menses increases bone resorption (Fig. 1) [14] . The incidence of CIOF is age and treatment-related, occurring in greater than 50 % of premenopausal women within the first year of treatment [14] . The majority of the older premenopausal women remain amenorrheic after the first year [22] . Women under 40 receiving the chemotherapy regimen consisting of cyclophosphamide, methotrexate, and 5-Fluorouricil (CMF) have a 30 %-40 % risk of CIOF; while women over 40 who are still menstruating at the onset of treatment have a risk between 80 % and 96 % [23] . Premature menopause has a negative impact on BMD [24, 25] .
With natural menopause there is a gradual decline in estrogen level. In contrast, there is a rapid decline in the estrogen levels following CIOF. Women with CIOF were found to have lumbar spine BMD loss of 7.7 % at 1 year compared with a 2.0 % loss in women in early natural menopause, and a loss of 1.0 % in late natural menopausal women [26] . A decline in BMD is seen as early as 6 months at the vertebral and femoral sites [24] . Thus, chemotherapeutic agents (described above) may induce a hypogonadal state that is associated with rapid loss of BMD. The impact on long term fracture risk in this patient population has not been defined.
Adjuvant Endocrine Therapy
Approximately 75 % of breast cancers express either estrogen receptor or progesterone receptors [27] and thus therapy with anti-estrogen agents is routinely used as part of breast cancer treatment. Tamoxifen is one of several medications known as Selective Estrogen Receptor Modulators (SERMs); it binds the estrogen receptors in hormone sensitive breast cancer tissue. Aromatase inhibitors (AIs), suppress peripheral estrogen production by blocking aromatization of androgens to estrogens. These drugs are the first choice of treatment for breast cancer in post-menopausal women as their use is associated with reduced risk of recurrence and improved disease free survival [28, 29] .
Because of the integral role of estrogen signaling in bone health, AIs and SERMS exert an effect on bones. Tamoxifen and raloxifene are both SERMS that are FDA approved for preventing breast cancer. However, only tamoxifen is FDA approved for treatment of breast cancer and only raloxifene is FDA approved for the prevention and treatment of Fig. 1 Action of estrogen on osteoblasts and osteoclasts. The principal activator of osteoclast-mediated bone resorption is the ligand of the receptor associated with nuclear factor kappa-B (RANK-L), which is expressed on the surface of osteoblasts [12] . Binding of RANKL to the RANK receptor on osteoclasts stimulates osteoclast differentiation [12] . Osteoprotegerin (OPG) is an endogenous inhibitor of the RANK/ RANKL pathway and is secreted by osteoblasts. OPG binds to RANKL preventing its attachment to the RANK receptors. The presence of estrogen decreases the expression of RANKL on osteoblast cells, as well as increases the expression of OPG, allowing increased neutralization of RANKL, and stimulates apoptosis of osteoclasts [12] osteoporosis. In post-menopausal women, tamoxifen acts as a partial estrogen agonist on bone, particularly the trabecular bone. Postmenopausal women treated with tamoxifen for 5 years saw a positive effect on lumbar spine BMD (0.8 %) compared with placebo (−0.7) [30] . This positive effect on BMD is reversed upon drug discontinuation [14] . Conversely, in premenopausal women, tamoxifen is associated with a loss of BMD [31] .
The third generation non-steroidal AIs are potent inhibitors of estrogen (>96 % inhibition) thus depriving tumor cells of the growth promoting effects of estrogen [32] [33] [34] . The Arimidex, Tamoxifen, Alone or in Combination trial (ATAC) a large double blinded phase III trial (N =9,000) with a bone subprotocol (n =308) comparing anastrozole, tamoxifen, and a combination of both drugs in postmenopausal women with hormone receptor positive breast cancer demonstrated a greater loss in BMD in anastrozole-treated patients when compared with tamoxifen; at 5 years the loss in BMD at the lumbar spine was 6.08 % and total hip was 7.24 %. In contrast, tamoxifen showed an increase in BMD of 2.88 % and 0.74 % respectively at these sites [35] . Forty-three percent of women on anastrozole who had normal bone density at the beginning of treatment developed osteopenia compared with 9 % on tamoxifen [35] . Women with underlying osteopenia are at a higher risk of developing osteoporosis while on AI compared with tamoxifen [35] . Bone loss was accelerated in the first 2 years whereas the rate of change in BMD decreased over years 2-5 [35] . Following discontinuation of anastrozole, bone density increased at the lumbar spine and further loss was not seen at the hip during the off treatment follow-up period [36•] .
Within both groups (anastrozole and tamoxifen) the greatest loss of bone mass was seen in women who were <4 years from their last menstrual cycle. On anastrozole, women who were less than 4 years since menopause lost 11.3 % BMD at the lumbar spine and 7.54 % at the total hip at the end of 5 years compared with those women who were over 4 years since menopause (−5.4 % and −7.24 %, respectively) [35] . Although the bone loss ceases and is partially reversible following discontinuation of aromatase inhibitors, it never returns to baseline [35, 36•, 37] .
Concurrent Medications
Medications given to support patients through the side effects of cancer treatment can interrupt healthy bone remodeling. Glucocorticoids may be used as an anti-emetic or to decrease the risk of hypersensitivity reactions. Glucocorticoids increase bone resorption by inhibiting osteoblasts, increasing the lifespan of osteoclasts, and increasing the apoptotic rate of osteocytes [38] . In addition, steroids may cause myopathy and thereby an increased propensity to falls and possibly fractures [39] . Furthermore, unfractionated heparin, proton pump inhibitors, and selective serotonin reuptake inhibitors, all used for treatment of comorbidities in breast cancer and its treatment, negatively affect BMD [39] .
Impact on Fractures
Breast cancer and osteoporosis both have an effect on mortality. Lower levels of estrogen have been shown to increase the relative risk of fractures [40] . Breast cancer therapies lower circulating estrogen levels either by inducing amenorrhea or suppressing peripheral estrogen production. Hence, breast cancer therapies can be associated with an increased risk of fracture. The Women's Health Initiative study has shown that in postmenopausal women, diagnosis of breast cancer resulted in a higher risk of hip fractures (HR=1.55) [41] . While hip fractures occurred with greater frequency in women with breast cancer, there was no increase risk seen with forearm fractures and while the clinical vertebral fractures risk was higher the difference was not statistically significant [41] .
Fractures are associated with significant morbidity and mortality and any osteoporotic fracture increases the risk of death by 42 % [42] . In addition, the mortality risk remains high for 10 years following a hip fracture [42] .
Overall, breast cancer survivors are estimated to experience 68.6 excess fractures per 10,000 person-years that essentially translates to an increased risk of 6.86 % per breast cancer survivor per decade of survivorship [43] . WHI found that vertebral fractures were higher in women diagnosed with breast cancer before age 55 but that this risk was not elevated for women diagnosed older than 55. The difference is attributed to the accelerated drop in estrogen levels due to CIOF in premenopausal women [43] . It is estimated that women with CIOF may experience fractures up to 10 years earlier than women without breast cancer [44] . The impact of premature cessation of menses on the risk of fractures has not been well characterized.
Although AIs reduce breast cancer recurrence, both steroidal AIs (exemestane) and non-steroidal AIs (anastrozole and letrozole) have been associated with higher bone turnover and higher rates of fractures [39] . In the ATAC trial, breast cancer patients treated with anastrozole alone had an increase in the yearly fracture rates (2.93 % vs 1.90 %) in the 5 years of treatment than patients treated with tamoxifen alone [45] . In a recent study comparing exemestane and anastrozole, selfreported new diagnosis of osteoporosis was lower (31 % vs 35 %) in the exemestane group but there was no difference noted in the number of new clinical fractures or fractures at fragility sites [46••] . When 3 aromatase inhibitors (anastrozole, exemestane, and letrozole) were compared head to head in postmenopausal women without cancer no difference was noted in the biochemical markers for bone metabolism [47] .
The 2003 American Society of Clinical Oncology (ASCO) guidelines identify the use of adjuvant AIs as a risk factor for osteoporosis [48] . For this group, initial dual-energy X-ray absorptiometry (DXA) screening followed by annual assessment is recommended. The more recent UK Expert Group proposed 2 algorithms for the management of bone loss in early breast cancer; (A) Premenopausal women who experience premature menopause due to chemotherapy or ovarian suppression, ablation, or removal, and (B) postmenopausal women receiving an AI [49] . For postmenopausal women over the age of 75 with 1 or more risk factors, treatment is recommended. For postmenopausal women <75 years if T scores are −1.0 to −2.0 and annual bone loss occurs at a rate >4 %, therapy is recommended. The group recommends screening for secondary causes of osteoporosis before treatment is initiated [49] . Note that the ASCO guidelines do not support the use of an AI in the setting of CIOF. Consideration for an AI may be given if there are measures taken (surgery or chemical ovarian ablation) to assure the postmenopausal state [28] .
The FRAX scoring tool developed by the World Health Organization helps in estimating the 10-year probability of hip or major osteoporotic fractures using clinical risk factors. The FRAX tool may be used to estimate fracture risk without use of BMD data [50] . This useful tool is available on line without cost [51] , however, FRAX does not account for cancer specific risks to bone health and therefore cannot adequately estimate fracture risk.
Prevention and Treatment of Osteoporosis
Women diagnosed with breast cancer should be counseled by their oncology and primary care providers on basic lifestyle practices to minimize risk of bone loss and fractures associated with their cancer care.
Lifestyle Choices and Prevention
Large well-designed controlled trials evaluating the effect of exercise on fractures is lacking; however, several metaanalyses performed on studies with exercise as an intervention showed beneficial effects on BMD (spine and hip) in premenopausal and postmenopausal women [52] [53] [54] . Aerobic exercise (low to medium impact) for 15-60 min 3 times a week with strength training is recommended for optimizing bone health [52] [53] [54] . Weight bearing exercises were required for at least 1 year to see appreciable benefits [55] . In addition to the effect on BMD, muscle strengthening exercises also reduce falls and improves balance but their effectiveness in preventing fractures is less evident [56, 57] .
Alcohol has direct toxic effects on osteoblasts. Light alcohol consumption may have a beneficial effect on BMD and is not associated with an increased risk of fracture, however, heavy alcohol intake and binge drinking is associated with decreased BMD in men [58, 59] . Smoking is also known to have adverse effects on bone with an increased risk of fractures [60] . Therefore, counseling for smoking cessation and avoidance of excessive alcohol is critical to prevention of osteoporosis.
Prior to 1990 the mainstay of the treatment of osteoporosis was calcium and vitamin D. Calcium supplements in healthy older women have shown to reduce bone turnover by 20 % and thereby slow bone loss [61] . In this study, the effect on fracture was uncertain but the study was limited by poor long-term compliance [61] . A meta-analysis done by Tang et al. suggested that fractures were decreased by 10 % in calcium users [62] . Side effects of calcium therapy include increased GI discomfort and renal calculi. The recent Auckland calcium study raised concerns over the increased occurrence of cardiovascular disease with calcium supplements [63] . These results were duplicated in the WHI and other meta-analysis [63, 64••] . Debate on whether calcium supplements constitute a cardiovascular risk continues. Food is the best source of calcium supplements and if diet alone is insufficient, calcium supplements may be added. Similarly, vitamin D supplementation is generally recommended, although the data on its ability to reduce fractures is limited. Therefore adequate intake of calcium (1,000-1,200 mg/d) and vitamin D (600-800 units/d) is recommended by the Institute of Medicine and is supported by the America Society for Bone and Mineral Research (ASBMR) [65, 66] . These recommendations are not universally accepted. The Endocrine Society practice guidelines recommend higher daily intakes of Vitamin D in adults [67] . The optimal level of vitamin D, defining the population at risk and adequate dosing of daily vitamin D continue to remain a matter of further research. In addition, USPSTF states that there is not enough evidence on how supplements affect bone health in men and premenopausal women and evidence on calcium and vitamin D supplements to prevent fractures is insufficient.
Pharmacologic Interventions
Currently available drugs for the prevention and treatment of osteoporosis include anti-resorptive and anabolic agents. However, not all available medications are considered appropriate for women with a history of breast cancer. Bisphosphonates and denosumab (an inhibitor of RANKL) are considered the mainstay of pharmacologic interventions for managing bone health in women with a history of breast cancer and may be used to manage the comorbid condition of low bone mass, or to manage cancer therapy induced bone loss (CTIBL) [68-74, 75••, 76] . The anabolic agent, teriparatide is contraindicated in anyone with history of bone tumors or prior radiation therapy to bone. As radiation to the chest wall is frequently part of the adjuvant treatment for breast cancer, and due to the concern of occult micro-metastases to bone, the anabolic agent teriparatide is not generally considered an appropriate option for women with a history of breast cancer and concurrent osteoporosis [77] .
Bisphosphonates, available as oral and IV preparations, are FDA approved for the prevention and treatment of osteoporosis.
The bisphosphonates have been shown to be effective in reducing vertebral as well as hip fractures in postmenopausal women [78] . Studies of bisphosphonates in women with breast cancer demonstrate a decrease in the rate of bone loss and increases in BMD [79] . Denosumab inhibits RANKL and thereby the activation of osteoclasts, reducing bone turnover. Data from a large phase III trial comparing denosumab with placebo, showed a reduction in vertebral, non-vertebral as well as hip fractures in postmenopausal women with osteoporosis treated with denosumab for a period of 3 years [80] . Similarly, in women with non-metastatic breast cancer on an AI, 2-year treatment with denosumab resulted in significant increases in BMD at the lumbar spine, femoral neck, and radius [81] . Oral and intravenous bisphosphonates, as well as denosumab have been associated with osteonecrosis of the jaw and atypical subtrochanteric femoral fractures although these events are uncommon [82, 83] .
Key studies on bisphosphonates and denosumab in CTIBL are illustrated in Table 1 . The dose and schedule of drug administration in CTIBL is similar to that used in postmenopausal osteoporosis although for many of the zoledronic acid studies 4 mg every 6 months was used in the setting of normal or osteopenic BMD. Note that FDA indications for zoledronic acid in the management of osteopenia is dosing of 5 mg every 2 years [84] . Currently, clinical trials with bisphosphonates and denosumab have not shown fracture prevention in the setting of breast cancer and AI therapy.
Bone Health in Breast Cancer Survivorship
Breast cancer survival has improved related to earlier detection as well as more effective treatment [85] . Attention to bone health should be part of survivorship care. As we have discussed above, both pre-and post-menopausal women undergoing adjuvant endocrine therapy are at risk for bone related toxicities of breast cancer therapy. In addition, supportive medications used in the survivorship period may also contribute to decline in bone health [39, 86] . Despite the known adverse effects of breast cancer treatments, bone health in survivors is not well addressed [87, 88] . Out of 500 oncologists surveyed in the UK in 2004, about one-third had not requested a DXA scan in their patients. About two-thirds of the oncologists did not address bone health in patients on an AI. Although, more than half of the oncologists agreed that it was their responsibility for treating bone health issues [89] . While goals of breast cancer therapy need to be acutely addressed, the long-term implication of cancer treatment, including bone health, must be taken into consideration in order to mitigate treatment toxicities.
Future Directions
Osteoclast inhibitors, specifically high dose bisphosphonates or denosumab, are being investigated for their potential to reduce the risk of breast cancer recurrence. A series of phase III studies have been reported with mixed results [90] [91] [92] [93] . To date, none of the osteoclast inhibiting regimens studied for this effect has been FDA approved for that indication. Additional phase III studies are ongoing [94, 95] . Of note, fracture is not being evaluated in these cancer treatment focused studies, and the dose and interval of osteoclast inhibitors far exceeds that used in osteoporosis.
Cathepsin K, a cysteine protease produced by osteoclasts plays a key role in osteoclast mediated bone degradation. The cathepsin K inhibitor, odanacatib, is in phase III clinical trial for postmenopausal women with low bone mass [96] . Although if FDA approved, odanacatib may be appropriate for postmenopausal women with breast cancer therapy induced bone loss; however, odanacatib is presently not being investigated in this patient population. Another area of active research includes study of vitamin D, which may have a therapeutic impact on the risk of osteoporosis as well as may improve cancer outcomes [97, 98] . There is concern over use of bone related anabolic agents in women with a history of breast cancer since the risk of breast cancer recurrence generally persists through the lifespan. In women with breast cancer, there may be occult tumor cells present in the bone marrow years after completion of therapy. Curiously, these disseminated tumor cells are uniformly associated with breast cancer relapse [99, 100] , even if found years after initial diagnosis and completion of adjuvant treatment [101, 102] . The balance between tumor dormancy and progression is not well understood. The novel monoclonal antibody targeting sclerostin (AMG 785, romosozumab), like the FDA approved parathyroid hormone analog, teriparatide, may act as an anabolic agent, and there are theoretical risks for promoting the outgrowth of dormant, occult, disseminated breast cancer cells, particularly from within the bone of women with a history of breast cancer. Improved understanding of the cell signaling between bone and micrometastatic tumor cells will aid in evaluating the safety of osteo-anabolic therapies, followed by clinical trials verifying safety.
Conclusions
Women with early stage breast cancer are treated with curative intent and maintaining bone health is an important component of survivorship care. Regardless of their age and menopausal status, an individual's history of breast cancer should be taken into consideration when evaluating risks for osteoporotic fractures. Osteoporosis, left undiagnosed and untreated, will contribute to morbidity in women for whom curative therapy is successful and add to lower quality of life, morbidity, and mortality. To date, clinical trials to investigate means to mitigate breast cancer therapy induced bone loss have suggested that established FDA approved drug doses and schedules of osteoclast inhibition are sufficient to preserve bone mass. However, there is a paucity of data addressing fractures and additional studies are indicated. 
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